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Background:  Sequence  based  information  is  increasingly  used  to study  the  epidemiology  of  viruses,  not
only to  provide  insight  in  viral  evolution,  but also  to understand  transmission  patterns  during  outbreaks.
However,  sequence  analysis  is  not  yet  routinely  performed  by diagnostic  laboratories,  limiting  its  use  in
clinical  practice.
Objectives:  To  describe  the  added  value  of sequence  based  information  available  within  3  days  after
the  detection  of  norovirus  in fecal  samples  of  patients  and  personnel  during  a  suspected  outbreak  on  a
hospital  ward.  Results  were  used  to guide  the  implementation  of  appropriate  infection  control  measures,
in particular  closure  of  the  ward.
Study  design:  Observational  study.
Results:  Norovirus  infection  was  detected  in  seven  patients  and  two  health  care  workers  on  an  oncology
ward  of  the  children’s  hospital.  Six of  seven  patients  had  a hospital  acquired  infection  deﬁned  as  a ﬁrst  day
of  illness  more  than  two days  after  admission.  After notiﬁcation  of  the  ﬁrst two  patients,  supplementary
infection  control  measures  were  taken  to prevent  further  spread.  Despite  these  measures,  three  additional
patients  with  norovirus  infection  were  identiﬁed.  Characterization  of the  noroviruses  of 5  out of  7 patients
was  available  within  7  days  after  the  notiﬁcation  of the  ﬁrst patient.  Four  different  genotypes  were
detected,  providing  evidence  for multiple  introductions  of  different  norovirus  strains  with  only  a  few
secondary  cases  rather  than  ongoing  nosocomial  transmission.  Therefore,  we  maintained  the  already
implemented  infection  control  interventions  without  closure  of  the  ward.
Conclusions:  Sequence  based  information  available  in  real-time  is helpful  for understanding  norovirus
transmission  in the  hospital  and  facilitates  appropriate  infection  control  measures  during  an  outbreak.. Background
In recent years, the use of sequence based typing techniques
or viral surveillance has become more common. Virus charac-
erization and typing may  be used to explain clinical illness and
uide treatment (as in resistance proﬁling) [1–3]. Apart from this,
equence based information is increasingly used as a tool to deﬁne
ransmission routes in outbreaks [4–6].Since most laboratories have not incorporated sequence
nalysis in their daily routine testing, information on typing and
haracterization of viruses is mostly available retrospectively and
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useful in understanding transmission of, on the basis of epidemi-
ological data, suspected outbreaks [4]. Shortening the timeframe
by which sequence based information becomes available during an
actual outbreak might beneﬁt the unraveling of nosocomial trans-
mission and thus may  guide the implementation of appropriate
infection control measures. We  describe a suspected norovirus out-
break on a hospital ward, where sequence analysis results were
made available immediately after the detection of norovirus and
enabled us to decide on the necessary measures to prevent further
spread.
2. ObjectivesTo describe the added value of providing sequence based
information in real-time, available immediately after detection of
norovirus in fecal samples of patients and personnel during a sus-
pected outbreak on an oncology ward of the children’s hospital.
246 J.C. Rahamat-Langendoen et al. / Journal of Clinical Virology 58 (2013) 245– 248
Fig. 1. Timeline of norovirus positive patients (in black, numbered P1–P7) and health care workers (in gray, HCW1–HCW2), based on date of sample collection. The different
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equence analysis results were used to understand transmission
outes and to guide infection control measures.
. Study design
.1. Study population
Fecal samples of all patients with gastrointestinal symp-
oms (diarrhea, vomitus) admitted on the oncology ward of the
eatrix Children’s Hospital from January 14th until January 30th,
ere collected for the detection and characterization of norovirus.
ersonnel with gastrointestinal complaints were also asked to sub-
it  fecal samples. Only fecal specimen from patients or personnel
ith gastrointestinal symptoms were analyzed, no asymptomatic
ersons were included. First day of illness, date of admission to the
ospital ward, sample date and date of discharge were collected
or all norovirus positive patients. Patients who tested norovirus
ositive, were isolated and health care workers were advised to
ear gloves and a gown during patient care. Additional meas-
res consisted of emphasizing the importance of hand hygiene
sing soap and water or appropriate alcohol-based hand wash,
xtra cleaning of relevant surfaces on the ward using hypochlo-
ite, providing information about norovirus and the risk factors for
ransmission to parents and caregivers, and cohorting patients and
taff. Staff with gastrointestinal complaints were not allowed to
ork until symptoms had resolved.
Ethical approval of the institutional review board was not
equired.
.2. Laboratory methods
Stool samples were suspended in NucliSens easyMAG lysis-
uffer (2×  volume of feces, bioMérieux, Marcy l’Etoil, France).
fter centrifugation, 100 l was used as input for RNA/DNA
xtraction using NucliSens easyMAG extraction buffer and mag-
etic silica (bioMérieux). cDNA was synthesized using 10 l of
xtracted RNA in an iCycler thermocycler (Biorad, California,
SA). All fecal samples were tested for the presence of seven
nteric viruses (norovirus, rotavirus, parechovirus, enterovirus,
denovirus, bocavirus and astrovirus) using a multiplex real-time
CR as has been described elsewhere [7].
All reactions were performed with Phocine Distemper Virus as
n internal control in a total volume of 25 l containing 6.25 l
× Fast Virus reactionmix (Life Technologies, California, USA),
0 pmol of each primer, 10 pmol of probe and 10 l of genomic
NA template [8]. Characterization of norovirus was  done by
mpliﬁcation and sequencing of a 285 nucleotide fragment of thetoms is depicted in bold numbers for each patient.
ORF1 gene using an automated genotyping tool (www.noronet.nl)
[9,10].
Multiple alignment was performed using BioNumerics software
(Applied Maths, Sint-Martens-Latem, Belgium) and phylogenetic
trees were constructed using the neighbor-joining method with
complete deletion of missing data.
4. Results
From January 14th till January 30th, norovirus was detected in
seven patients and two health care workers (Fig. 1). In six of the
seven patients (P2–P7), norovirus infection was hospital acquired:
gastrointestinal symptoms occurred between four and 22 days
after admission. The ﬁrst patient, P1, was admitted with a com-
munity acquired norovirus infection and was  placed in isolation
at the moment norovirus was detected in fecal material (one day
after admission). After notiﬁcation of the ﬁrst two  patients (P1–P2),
the importance of hand hygiene (i.e. washing hands with water
and soap) was stressed. Despite this, another three patients were
detected with norovirus infection within three days (Fig. 1, P3–P5).
Meanwhile, gastrointestinal complaints in health care workers of
the same ward and possibly also in caregivers became known.
Because of the suspicion of ongoing norovirus transmission on the
ward, additional infection control measures were taken: use of
appropriate alcohol hand rubs, rigorous environmental cleaning,
education of parents/caregivers, excluding ill staff from work-
ing and separating staff to infected and non-infected patients.
After identiﬁcation of the sixth norovirus positive patient (P6),
the necessity of closure of the ward to stop further transmission
was discussed. However, within half a day after detection of P6,
sequence analysis results of the noroviruses detected in P1–P5
became available. Four different genotypes were found: norovirus
genotype II.4 2009 (P1 and P3), genotype II.b (P4), genotype II.7 (P2)
and genotype II.2 (P5). This strengthened us in our policy to main-
tain the infection control measures that were already implemented,
without closing of the ward, despite the notiﬁcation of patient P6.
During the following days, norovirus was  detected in fecal sam-
ples of two  health care workers and one patient (P7). After patient
P7, no additional patients or health care workers were found to be
infected with norovirus.
In addition to the sequence analysis results of the ﬁrst ﬁve
patients, we were able to characterize norovirus in patient P6
(genotype II.4 2009) and in both health care workers (both
norovirus genotype II.4 2009) (Fig. 2); the detected norovirus in
patient P7 could not be genotyped. A cluster of norovirus II.4
2009 was found (three patients and both health care workers);
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sig. 2. Neighbor Joining tree of the norovirus strains identiﬁed in this study. The po
eference strains are named “ref” followed by the various norovirus genotypes. (Fo
he  web version of the article.)
he remaining patients were all infected with different norovirus
enotypes.
. Discussion
Our report of a norovirus pseudo-outbreak on an oncology ward
n our children’s hospital shows that results from sequence analysis,
ade available in real-time and immediately after the detection of
orovirus, were essential for understanding the actual nosocomial
ransmission of norovirus, in a season when admission of differ-
nt patients with norovirus occurs frequently. The sequence based
nformation supported us in deciding on infection control measures
o prevent further spread.
Norovirus is the most common cause of gastroenteritis world-
ide and known for its ability to cause outbreaks, especially
ffecting health care institutions as nursing homes and hospitals
11].
It causes substantial morbidity and mortality in vulnerable peo-
le (the young, the elderly and immunocompromised patients)
12,13]. In addition, norovirus outbreaks have signiﬁcant impact on
ospital resources, notably because of the necessity to close wards
14–16].
Timely detection of norovirus with immediate implementa-
ion of appropriate infection control measures is one of the key
actors in the containment of an outbreak [15,17]. The detection
f seven patients with norovirus infection within two  weeks on
ne oncology hospital ward should lead to rigorous infection con-
rol interventions, regardless of the norovirus genotypes. However,
nowing that the rise in infections is in fact due to several intro-
uctions of different genotypes of norovirus instead of ongoing
ransmission of the same virus between patients, helps deciding on
igh impact measures like closure of a ward. Apart from this, rapid
iagnostic tests for detection and characterization of pathogens
elp regulating adequate admission policies and provide the oppor-
unity to act pro-actively in prevention of further spread within the
ospital.
The technique of sequence analysis is commonly used in clin-
cal laboratories, for example antiviral resistance proﬁling of HIV,
ut to our knowledge not many have incorporated characterization
f viruses like norovirus into their standard diagnostic workﬂow.
osts, hands-on time of technicians and unknown clinical bene-
t are often used as arguments hampering the implementation of
equence analysis in the daily routine of diagnostic laboratories. In patients are depicted in green (P1–P6), the health care workers in red (HCW1–2).
rpretation of the references to color in this ﬁgure legend, the reader is referred to
our laboratory setting, a workﬂow is implemented, which enables
performance of sequence analysis routinely on a weekly basis.
Students are trained to assist the technicians in this routine. As
illustrated by this report, the potential beneﬁts of having sequence
based information available in real-time, should be taken into
account when addressing only the costs of performing sequence
analysis routinely; the closing of a ward is also expensive for a hos-
pital. The developments in next-generation sequencing are moving
fast forward, which also can make real-time sequencing become
more feasible in the near future.
In conclusion, we have shown that adding real-time sequence
based information to the classical epidemiological tool of cluster-
ing in place, time and person, provides essential information for
understanding and controlling transmission routes of norovirus
infections within a hospital.
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